Aims This study was set up to describe vectorcardiographic patterns in patients with bundle-branch block and acute myocardial infarction.
Introduction
The proportion of patients in an infarct population with bundle branch block is 5-10%
[l ' 21 and their in-hospital mortality, as well as 5-year mortality, is increased as compared to patients without bundle branch block' 341 . Despite the high prevalence of coronary artery disease in patients with bundle branch block, the onset of this condition is only rarely accompanied by clinically recognized myocardial infarction. More often, bundle branch block is discovered as an incidental accompaniment to chronic coronary artery disease' 31 . Among patients with chronic coronary artery disease, bundle branch block has been shown to be a strong predictor of mortality, independent of degree of heart failure, extent of coronary disease and other variables' 41 . Diagnosis of myocardial infarction in patients with bundle branch block is difficult. Standard 12-lead electrocardiography (ECG) is of limited value, especially when left bundle branch block is present' 561 . In patients with left bundle branch block, several studies have indicated that changes in the Revision submitted 10 January 1997, and accepted 28 January 1997.
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QRS complex and in the ST-T segment on the standard 12-lead ECG have a high specificity but a low sensitivity for detecting a myocardial infarction [6~101 . Over 50 different ECG criteria ' 11] have been proposed as predictors of myocardial infarction in the presence of left bundle branch block, but only a few have been shown to be useful when tested prospectively, all with very low sensitivity for diagnosing myocardial infarction' 5 -l0>12) . It has been shown that serial comparison of consecutive ECGs improves diagnostic accuracy, mainly due to improved sensitivity' 131 . In comparative studies, a single vectorcardiogram has been shown to be more accurate than a standard 12-lead ECG in detecting prior myocardial infarction in patients with left bundle branch block' 12 -141 . Recently, by performing an analysis of changes in the entire QRST complex, it has been possible to improve the accuracy of diagnosing myocardial infarction in patients with left bundle-branch block' 15 ' 161 .
However, most studies have not attempted to separate acute, ongoing myocardial infarction from prior myocardial infarction' 5 ' 91 . There are various problems attached to studying prior myocardial infarction: the risk of inaccurate histories, selection bias, falsepositive results from thallium scintigraphy, difficulties in interpretation of wall motion abnormalities (often Acute MI and chronic BBB 1289 already abnormal in the presence of uncomplicated left bundle branch block), interpretation of clinically insignificant stenosis in coronary angiograms and retrospective ECG evaluation for the presence or absence of myocardial infarction' 61 .
In patients with right bundle branch block, pathological Q waves are considered to carry clinical information similar to that on a narrow complex ECG' 171 but this has never been tested prospectively. Several special ST-T changes have also been described in right bundle branch block without acute myocardial infarction" 8 -19 '. In patients with narrow QRS complexes, by using trend analysis of QRS complex and ST-segment changes, computerized, dynamic vectorcardiography has been shown to be a valuable tool in monitoring acute myocardial infarction' 20 ' 2 ' 1 . In patients with suspected acute myocardial infarction and bundle branch block, we used dynamic vectorcardiographic monitoring in order to find specific patterns for the development of myocardial necrosis and to compare these to previously described patterns in patients with a normal width QRS complex'
201
. We also attempted to determine the accuracy of vectorcardiographic trend analysis of QRS and ST changes in diagnosing acute myocardial infarction, as compared to a clinical diagnosis based on cardiac enzymes and history in patients with bundle branch block.
Methods
The monitoring system (MIDA, Myocardial Infarction Diagnosis and Analysis, Ortivus Medical AB, Taby, Sweden) has previously been described' 2 ' 1 . It consists of a microprocessor-controlled data-acquisition module, an IBM compatible personal computer and a graphic printer. Electrocardiographic signals are continuously collected from conventional body surface electrodes applied to the patient's chest, according to the Frank lead system' 221 . Electrocardiographic complexes are detected and collected and the most dominant beat is automatically determined during the first 2 min of recording; beats with a different morphology are subsequently discarded. The three orthogonal vectorcardiographic leads X, Y and Z are computed from sampled unipolar Frank leads continuously displayed on the colour monitor and averaged to form mean vectorcardiographic complexes. Averaging is performed for consecutive 2 min periods. For each period, the resulting mean vectorcardiographic complex was analysed and compared to the reference complex collected during the initial averaging period. Any of the trend parameters may be presented as a continuously updated trend curve throughout the 12-24 h recording period in this study. In the present study we analysed the QRS vector difference. This is provided by the relative change in the QRS complex compared to the initial QRS complex and the ST vector magnitude, which is the summarized deviation from the isoelectric line in the three orthogonal leads measured 20 ms after the J point. The QRS vector difference was measured after 12 h of recording, and in order to obtain the level rather than an exact number, a filter function (averaging 50 periods) was used. We also looked, in particular, at the initial QRS vector difference, which only considers the first 40 ms of the QRS complex. ST vector magnitude was measured as the initial value and as the maximum value at any time during the first 4 h of recording.
Trend curves were categorized into four (QRS vector difference) and six (ST vector magnitude) patterns, as previously described for patients with narrow QRS complexes'
201
. Trend curves were categorized by two independent observers; disagreement was resolved by consensus.
The patients were in the supine position most of the time but no strict recording of body position was made. Monitoring began immediately the patient arrived in the coronary care unit, but there was no time limit from onset of chest pain until admission. All patients were monitored for at least 12 h.
All patients were treated according to the standard routines regarding the use of thrombolysis, intravenous nitroglycerin and beta-blockade. The trend curves were visible on the computer screen in the coronary care unit, but clinical decision making and diagnosing by interpreting the trend curves was strongly discouraged. Analyses of the recordings were made after the patient's discharge from hospital. Follow-up was through hospital records and vital statistics.
Left bundle branch block was defined as: (1) QRS duration > 120 ms, (2) PQ interval > 120 ms, (3) predominantly upright complexes with broad slurred R waves in leads 1, V 5 and V 6 (4) QS or rS pattern in V,. Right bundle branch block was defined as: (1) QRS duration of > 120 ms, (2) RSR' in lead V, or V 2 , (3) S waves in lead 1 and either lead V 5 or V 6 . This group included four patients in whom bifascicular blocks were combined with right bundle branch block and left anterior hemiblock.
A diagnosis of acute myocardial infarction was based on a typical history, elevation of serum lactate dehydrogenase-1 and creatine kinase (in 53 patients analysis of the myocardial band fraction); in 10 patients the creatine kinase band subunit was analysed to confirm cardiac origin.
Statistics
All values given are mean ± standard deviation unless otherwise indicated. The Mann-Whitney U test was used for comparison between groups. Simple regression was used for correlation of enzymes and QRS vector difference. For analysis of pattern, Fisher's exact test was used. P value <0-05 was considered significant.
Results
Seventy-seven patients with suspected acute myocardial infarction and bundle branch block were admitted from Eur Heart J, Vol. 18, August 1997 Table 1 Baseline characteristics Age (years) Male: n, (%) Previous AMI: n, (%) History of angina: n, (%) Diabetes: n, (%) Heart rate, admission (beats . min ~ ') Heart rate, 12 h (beats . min ~ ') QRS duration, admission (ms) QRS duration, 12 h (ms) Diagnosis AMI: n, (%) LD-max ukat. ~ ' CK-MB max m g . m l " September 1988 to December 1991. Twelve patients were excluded from further analysis; five did not fulfil the criteria of bundle branch block, four had only intermittent bundle branch block and three for technical reasons. Thus, 65 patients, of whom 45 were men, were left for analysis according to the protocol, and form the basis of this report. The mean age was 72 ± 5 years. The mean QRS width was 152 ± 18-3 ms on admission and 152 ± 15-9 ms after 12 h of monitoring. Among the 65 patients included in the study, 42 had a left bundle branch block and 23 a right bundle branch block (Table 1 ). An acute myocardial infarction was not confirmed with enzymes in 37 cases and in 28 cases a final diagnosis of acute myocardial infarction was made. In Table 2 the vectorcardiographic results are given for patients with left and right bundle branch block, respectively.
Right bundle branch block
For patients with right bundle branch block, both the initial ST vector magnitude, the maximum ST vector magnitude during the first 4h (Fig. 1) and the QRS vector difference at 12 h (Fig. 2) was significantly higher in patients with, as compared to patients without, acute myocardial infarction. No clear trend was seen in the QRS vector difference pattern in patients with right bundle branch block. The ST vector magnitude patterns (Fig. 3) were significantly different for patients with right bundle branch block and acute myocardial infarction, as compared to patients with right bundle branch block without acute myocardial infarction (Fig. 4) .
For patients with right bundle branch block, a maximum ST vector magnitude >200uV during the first 4 h gave a positive predictive value of 88% and a diagnostic accuracy of 78% for diagnosing acute myocardial infarction (Fig. 5) .
Left bundle branch block
In patients with left bundle branch block, no significant differences were seen, but a similar trend was observed, i.e. there was a larger QRS vector difference at 12 h in patients with acute myocardial infarction. In contrast to patients with right bundle branch block, the ST vector magnitude trend increased over time in patients with acute myocardial infarction (Fig. 1) . However, this increase was not statistically significant. When analysed according to the QRS vector difference pattern (Fig. 6 ) patients with left bundle branch block more commonly developed pattern A, indicating acute myocardial infarction, while pattern D was mainly seen in patients without acute myocardial infarction (Fig. 7) .
For patients with left bundle branch block, there was a significant correlation between maximum lactatedehydrogenase-1 and QRS vector difference after 12 h as well as for the creatine kinase myocardial band and the QRS vector difference. No significant correlation was found between ST vector magnitude and enzymes. We obtained a QRS vector difference at 12 h >20 uVs, in combination with trend pattern A, in patients with left bundle branch block. When diagnosing acute myocardial infarction in this setting we obtained a positive predictive value of 73% and a diagnostic accuracy of 71% (Fig. 5) .
Discussion
Dynamic vectorcardiography has been used in clinical trials of acute myocardial ischaemia and infarction [2o.2i.23-30] a n d a l s o i n a n i m a i studies' 31 " 331 . There are no previous reports on its use in patients with bundle branch block. Since the QRS vector difference measures all changes in relation to the initial QRS complex, the complexity of the electrocardiographic changes in acute myocardial infarction for patients with bundle branch block may be less difficult to detect, understand and illustrate using this technique. We found a correlation between myocardial infarct size estimated by enzymes and vectorcardiographic estimation of myocardial infarct size i.e. QRS vector difference at 12 h. This is in agreement with previous findings in patients with narrow QRS complexes and 
Left bundle branch block
For patients with left bundle branch block, QRS vector difference at 12 h was higher among those with, as compared to those without, an acute myocardial infarction. However, the difference was not statistically significant. Adachi et al. [l6] have described the use of QRST time integral values for diagnosing healed myocardial infarction in patients with left bundle branch block. They reported an accuracy of 92% when diagnosing prior myocardial infarction. This suggests that while significant electrocardiographic changes occur in left bundle branch block after a myocardial infarction the wide interpatient variation makes interpretation from the standard 12-lead electrocardiogram very difficult (a) Hours Hours and uncertain. The large number of different criteria for diagnosing myocardial infarction in the presence of left bundle branch block suggested in the literature underline this problem 15 -7 -9 -'" 41 . In contrast to the QRS changes, the ST changes observed were strikingly different between patients with left and right bundle branch block. There was a tendency for those with acute myocardial infarction and left bundle branch block to have less ST deviation ( = lower ST vector magnitude) from baseline. This could be explained by previous observations using the standard 12-lead ECG, where a change away from the normally discordant ST-T segment to a more concordant ST-T segment should be interpreted as a sign of myocardial ischaemia/infarction in the presence of left bundle branch block' Figure 6 Trend curve patterns for QRS vector difference. All recordings were categorized into one of the pre-specified trend curve QRS vector difference patterns.
Hours Hours
branch block in the coronary care unit and found that ST elevation was more common in patients who had developed an acute myocardial infarction compared to those who had not; whether the ST elevation was in the discordant or concordant direction was not discussed' 131 . In our study, analysis of the pattern of ST vector magnitude trend curves gave no additional information in patients with left bundle branch block.
When using only QRS vector difference criteria for left bundle branch block to make the diagnosis of acute myocardial infarction, a best diagnostic accuracy Eur Heart J, Vol. of 71% was achieved. This should be compared with a substudy of MILIS [5 ' , which evaluated ECG criteria of myocardial infarction in the presence of left bundle branch block and found some highly specific criteria for myocardial infarction, though with a very low sensitivity. However, they did not separate acute from old myocardial infarctions. To our knowledge, only the study of Sgarbossa et al. [W] explicitly studied acute myocardial infarction in patients with left bundle branch block. Sgarbossa et al. derived their criteria from one ECG recording from two populations; one with only clear-cut acute myocardial infarctions and another with patients in a stable condition without chest pain. Given these ideal conditions and by combining them gave a prevalence of 50%, a sensitivity of 78% and a specificity of 90%, which are impressive. But when tested prospectively, on a selected population with 50% prevalence of acute myocardial infarction, the performance was much poorer. In fact, it failed to identify the majority (64%) of the patients with acute myocardial infarctions. The reason why the Sgarbossa paper focused on ST segment changes only is probably methodological. They used a sampling rate of only 100 Hz, which will reduce the information from an entire QRS complex to 12 to 13 point measurements each 10 ms apart.
Right bundle branch block
QRS vector difference at 12 h was significantly higher in patients with right bundle branch block and acute myocardial infarction, than in patients with right bundle branch block not developing an acute myocardial infarction. In patients with right bundle branch block the ST changes occurred in a similar manner to that in patients with narrow QRS complexes, with a clear difference between patients with and without acute myocardial infarction' 211 .
Today, ECG criteria play a central role in selecting patients with chest pain for different treatments. For patients with chronic bundle branch block there are no guidelines except that as a group they generally benefit from thrombolytic treatment if they present with chest pain' 36 ' 371 . The aim of this study is not primarily to present another diagnostic tool for diagnosing acute myocardial infarction but to give a first description of continuous electrocardiographic monitoring during the development of an acute myocardial infarction in patients with bundle branch block.
Limitations of the study
Since we had no cut off time from onset of symptoms to start of recording and since electrical and enzymatic biological lag time are different, we may have started monitoring some patients after most of the electrocardiographic changes had taken place. Given the longer time window of enzymatic release we may still detect an acute myocardial infarction in such patients. A prospective study in a larger patient population, with a correlation to time lag to verify these findings and to establish distinct vectorcardiographic criteria for acute myocardial infarction in patients with bundle branch block, is currently being performed.
Conclusion
Dynamic vectorcardiography has been used in monitoring acute ischaemic syndromes in patients with narrow QRS. Our present results indicate that this method is a valuable tool for diagnosing and monitoring acute myocardial infarction in patients with bundle branch block.
